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RESISTANCE  CRISIS  OF  THE  DIFFUSER 


A.  I.  Dashkov 


Ths  losses  of  msohanioal  energy  in  diffusars  with  groat  angles  of  opening 


is  very  considerable  and  substantially  depends  on  the  Reynolds  number.  The 
peculiar  character  of  this  dependence  up  to  now  has  not  been  explained  from 
the  angle  of  the  physioal  nature  of  the  phenomena  involved  in  the  flow  of 
viooua  liquids  or  gas  in  a  diffuser. 

In  oonioal  diffusers  with  great  angles  of  the  opening,  a  7}  16°,  whloh 
have  in  the  input  a  noszle  with  smooth  configuration  of  the  internal  contour, 


Fig.  1 


the  dependence  of  the 
reeistanoe  on  the  Rey¬ 
nolds  number  stands  out 
in  very  plain  relief. 
This  is  explained  by 
the  more  pronounced 
structural  changes  in 
the  flow  which  ahow  up 
in  the  sharp  change  in 
the  sign  of  the  gradient 


of  pressure  at  the  moment  of  transition  of  the  flow  from  the  narrowing  part  of 


the  channel  into  the  expanding  park. 


The  negative  gradient  of  the  pressure  with  the  aooeleration  of  the  flow 
in  the  narrowing  pert  of  the  noszle  faoilitatee  the  prolonged  exist enoe  of  the 
laminar  flow.  By  experimentation  [l]  it  was  shown  that  in  the  absenoe  of  dis¬ 
turbing  factors  the  laminar  flow  in  the  narrowing  part  of  the  noszle  is  pre¬ 
served  up  to  Be  •  10^,  the  thiokness  of  the  boundary  layer  reaches  considerable 
magnitude,  and  the  profile  of  the  relooities  at  the  input  into  the  diffuser 
differs  from  the  smooth  one.  With  the  inorease  in  the  Be  number  the  profile  of 
the  -relooities  is  deformed,  tending  towards  the  even  one  (Fig.  1,  Be> 0.4*10^). 


Fig.  2 


It  the  same  time  the  turbulation  of  the  boun¬ 
dary  layer  increases,  which  is  illustrated  by  the 
dependence  of  the  number  £  ■  ^  on  Be  (Fig.  2). 
This  dependenoe  is  obtained  by  measuring  the  pul¬ 
sation  -relooities  of  the  flow,  <1,  by  the  thermo- 
anemometer  set  up  at  the  input  into  the  diffuser 
(a  -  24°  in  the  boundary  layer,  curve  l)  and  in 
the  prechamber  ahead  of  the  noszle  and  the  diffu¬ 
ser  (curve  2). 


The  subsequent  expansion  of  the  flow  in  the  diffuser  facilitates  still 


further  turbulation,  inorease  in  the  positive  gradient  of  pressure,  the  retar¬ 
dation  of  the  partioles  of  the  boundary  layer  in  the  region,  and  finally  a 


break  in  the  flow.  The  ehanges  in  the  struoture  of  the  flow  occurring  at  the 
input  into  the  diffuser  and  in  it  itself,  to  a  very  substantial  extent  are 
refleoted  on  its  energy  oharaoteristios. 

This  faot  is  illustrated  more  conveniently  by  using  as  suoh  a  oharaoter- 


istio  the  ooeffioient  of  the  hydraulic  resistance  of  the  diffusers 


where  P0  is  the  pressure  of  the  retardation  ahead  of  the  noasle,  P  is  the 


pressure  at  the  exit  from  the  diffuser  (in  our  oaee  the  atmospherio  pressure), 
and  ptj'l 2  la  the  dynamic  pressure  at  the  input  into  the  diffuser, 

Aotually,  if  one  follows  up  on  the  dependenoe  £  -  f(Be)  for  the  diffuser 
CL  ■  35°»  with  the  ratio  of  the  area  of  the  final  seotion  to  the  initial  one 
m  •  3  (Pig.  3),  then  one  can  note  that  with  Be  ^0.1  *  10^  £  has  the  greatest 
raluef  at  some  oritioal  Be  number  the  ooeffioient  of  hydraulic  resistance  be¬ 


gins  to  dro,  sharply,  reaching  the  minimum  ralue.  Prom  here  on  with  the  in- 


orease  in  Be  for  the  diffuser  with  a  diameter  haring  an  initial  section  of 


Pig.  3 


d  ■  208  (curre  2)  £  prao- 
tioally  does  not  change} 
with  d  ■  40  mm  (curre  l) 

£  substantially  increases. 
If  now  we  oompare  the  de¬ 
pendenoe  £  •  (Be)  for  the 


diffuser  (Pig.  3)  and 
Cx  -  f (Be)  (Pig.  4)  [2] 
for  the  cylinder,  then  it 
is  possible  to  note  an 
identioal  oharsoter  in 
the  flow  of  these  curres, 


Pig.  4 


*ig.  5 


whioh  corresponds  to  the 
ehange  in  the  state  in  the 
boundary  layer  and  a  shift 
in  the  point  of  the  break 
in  the  flow. 

This  ^ualitatirely  identi¬ 
oal  oharaoter  of  the  de¬ 
pendences  ?-f(  Be)  and 
Cx  •  f(Be)  point  to  a 


profound  analogy  in  the  structural  ohangss  in  the  flow,  whioh  shows  up  with  tha 
inoraasa  in  tha  Re  numb a r  with  tha  flow  in  a  diffusar  and  tha  flow  around  a 


3phara,  oylindar,  ato. 

In  a  similar  way  as  occurs  in  a  flow  around  a  cylinder  (sphara,  ate,),  in 
tha  diffuser  tha  transition  from  tha  laminar  flow  to  the  turbulent  one  occurs 
also  in  tha  area  of  tha  change  of  sign  in  tha  pressure  gradient*  Tha  zona  of 
the  break-off  in  tna  diffusar,  Bam-Zelikorioh  [3]  pointed  out  ic  his  work,  also 
is  located  in  this  area. 


Tha  current  in  tha  midst 
of  the  flow  with  the  forma¬ 
tion  olose  to  tha  zone  of  the 
break-off  of  a  turbulent 
mixing  attracts  behind  it 
the  boundary  layer,  and  the 
point  of  the  break-off  is 
shifted  somewhat  down  along 
tha  flow,  Tha  ooaffioiant  of  resistance  falls  sharply  (Figs,  3,  5)*  The 
prasanoa  of  a  minimum  on  tha  ourra  £  »f (He )  explains  tha  shifting  of  the  break- 
off  into  tha  narrower  saotion  of  the  diffuser. 


Fig.  7 

Wording  in  graph i  oylindar,  without . 
wires,  diameter,  of  wire 


Tha  analogy  of  physioal 
phenomena  accompanying  tha 
flow  around  a  sphara,  cylin¬ 
der,  ato.,  and  the  flow  in 
a  diffusar  is  also  well 
confirmed  by  a  repition  of 
Prandtl ' s  experiment. 

Tha  following  experi¬ 
ment  was  sat  up.  Into  a 
diffusar  with  diameter  of 


entranoe  of  d  •  90  aa  (Fig.  6)  aad  an  angle  of  the  oponing  of  cL  •  24°,  a  ■  3 
(ourro  l),  there  war*  sot  up  two  turbulators,  tho  first  in  ths  fora  of  a  strip 
of  papsr  of  ths  thioknsss  of  0.7  am  (ourrs  2)  glusd  at  a  distanos  of  5  a®  from 
ths  input  ssotion  of  ths  diffussr  insids  of  ths  nossle,  ths  ssoond  in  ths  fora 
of  a  ring  of  wirs  of  ths  thioknsss  6  ■  1.5  an  (ourrs  3).  is  is  assn  from  Fig. 6 
with  Bs  ■  0.075  *  106,  ths  rsaistance  of  ths  diffuser  with  ths  turbulence- 
produo ing  ring  £  •  0.7»  while  without  the  wire  t  ■  0.85.  Analogously  for  the 
cylinder  ths  siss  Cx  (Fig,  7)  ohanged  a;;rtri~;tely  with  the  same  He  mincer 
froa  -  1,0  without  turbulator  to  Cx  ■  0.69  [2],  The  putting  on  of  the  ring 
of  the  wired  6  «  1,5  am  makes  an  effect  similar  to  that  obtained  in  the  flow 
around  a  oylinder  with  a  turbulator  (Fig.  7).  The  shifting  of  the  ourre  3  to 
ths  right  rslatirs  to  the  ourre  1  is  explained  (Fig. 6)  by  the  ocourence  of  the 
phenomenon  of  oriaia  of  resistance  in  the  diffuser  with  the  setting  up  in  it  of 
a  turbulsno e-produo ing  wire  ring. 

Another  factor  which  aids  to  olear  up  ths  physical  picture  of  the  flow  in 
a  diffuser  is  the  roughness  of  its  walls. 

Just  as  for  oylinders  of  different  diameters  with  different  roughness  of 
the  surface  (Fig.  4),  the  effeot  of  the  relatire  roughness  is  rsry  clearly 
illustrated  by  a  comparison  of  the  dependences  t  •  f (Is)  for  the  diffusers 
with  <7  -  oonst  ard  d  -  7a r  (Fig.  3—6),  As  is  seen  in  these  graphs,  as  a  re¬ 
sult  of  ths  inoreass  in  ths  rslatirs  roughness  ths  erisis  of  resistance  sets 
earlier  in  ths  diffussr  with  ths  leaser  diameter  of  ths  input  seotion.  Both 
in  ths  oass  of  ths  setup  of  the  turbulsnoe-produoing  ring  in  the  opening  into 
ths  diffussr  and  inorsase  in  ths  rslatirs  roughness  with  little  raluss  of  He, 
ths  thioknsss  of  ths  boundary  layer  exceeds' the  thioknsss  of  ths  turbulator 
or  protubsranoss  of  roughness,  and  therefore  ths  latter  do  not  hare  a  substan¬ 
tial  effeot  on  ths  structure  of  ths  flow.  With  ths  inoreass  in  ths  Bs  nuaber 
ths  thioknsss  of  ths  boundary  layer  bsooass  ooamensurable  with  ths  height  of 
ths  protubsranoss  or  ths  thioknsss  of  ths  turbulator.  Afterwards  there  ooours 
PTO-TT-fi4-1  ?n  7  /]+  7 


the  turbulent  break-off.  The  reaiatanoe  dropa  sharply.  With  further  increase 
in  the  Be  number  the  protuberanoea  of  roughness  beoome  oentera  of  looal  break- 
off,  and  the  point  of  turbulent  break-off  is  shifted  opposite  to  the  flow|  in 
this  situation  the  ooeffioient  of  resistanoe  increases.  Thus  the  increase  in 
the  relative  roughness  of  about  the  doubling  of  it  from  0.09^  up  to  0.29C  cor¬ 
responds  to  just  such  an  increase  in  the  ooeffioient  of  resistanoe  Z (Fig.  6). 

Por  the  diffuser  with  a  great  angle  of  opening  the  relative  roughness  of 
the  input  nozzle  shows  up  in  its  resistanoe  more  substantially  than  the  rela¬ 
tive  roughness  of  the  walls  of  the  diffuser.  And  if  one  were  to  compare  two 
diffusers  with  great  angles  of  opening  not  taking  into  acoount  this  circum¬ 
stance  under  conditions  of  equality  of  all  the  oriteria  of  similarity  there 
oould  ooour  a  very  substantial  error  in  the  computations  of  the  boundary  resis¬ 
tanoe  (Figs .  3,  6).  In  this  way  the  relative  roughness  of  the  walls  of  the 
diffuser  proves  to  be  an  indespensable  oriterion  of  similarity  in  the  case 
*2  16°. 


Conclusions 

1.  The  oharaoter  of  the  change  in  the  dependence  of  the  resistance  of  the 
diffusers  with  great  angles  of  opening  on  the  Be  number  is  brought  about  by 
the  same  principles  as  for  the  bodies  around  whioh  flow  is  diffioult  (depend¬ 
ence  Cg  •  f(Be)  for  the  oylinder,  sphere,  eto.). 

2.  In  the  diffuser  with  a  great  angle  of  opening  (^7  16°)  there  is 
posslbls  the  realization  of  a  system  of  flow  whioh  *8  characterised  by  a  orisie 
of  resistanoe. 

3.  The  relative  roughness  of  the  walls  in  the  region  of  the  input  flow 
for  the  diffuser  with  great  angles  of  opening  proves  to  be  an  unavoidable 
oriterion  of  similarity. 
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